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ABSTRACT 

The present invention includes compositions and methods of 
Selecting functional genetic elements that includes Selecting 
in Vivo an autogene operon with one or more mutagenized 
functional genetic elements and one or more Selectable 
elements, wherein Survival of the autogene depends on 
expression of the one or more mutagenized functional 
genetic elements and one or more Selectable elements. 
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SELECTION SCHEME FOR ENZYMATIC 
FUNCTION 

0001. This application claims priority to U.S. Provisional 
Patent Applications Ser. No. 60/608,225, filed Sep. 8, 2004, 
the entire contents of which are incorporated herein by 
reference. 

0002 This invention was made with U.S. Government 
support under Contract No. N00014-99-1-0861 awarded by 
the Office of Naval Research. The government has certain 
rights in this invention. 

TECHNICAL FIELD OF THE INVENTION 

0003. The present invention relates in general to the field 
of enzymatic manipulation, and more particularly, to com 
positions and methods for making, isolating, characterizing 
and improving enzymes. 

BACKGROUND OF THE INVENTION 

0004. Without limiting the scope of the invention, its 
background is described in connection with polymerases. 
0005 Directed evolution strategies have previously been 
used to evolve DNA polymerases with enhanced activity, 
greater thermostability," ability to use ribonucleotide ana 
logs, and to evolve a DNA polymerase that can incorpo 
rate 2'O-methyl nucleotides with limited processivity." Sev 
eral modified nucleotides and unnatural base pairs have also 
been reported that are recognized and replicated by DNA 
polymerases," " RNA polymerase' and recently by a 
reverse transcriptase' with various degrees of efficiency and 
fidelity. In contrast, initial efforts to modulate the substrate 
recognition of T7 RNA polymerase relied on rational 
design. Moreover, very few natural RNA polymerase 
variants have been identified, which means that overall there 
are neither Selected, designed, nor natural RNA polymerases 
that can be Screened for the incorporation of modified 
nucleotides. 

0006. One of the major challenges for all RNA-based 
technologies is the instability of RNA. RNA is used as a 
diagnostic or a therapeutic tool. For example, RNA inter 
ference is now proving to be a very powerful technique with 
many different applications. The advancement in this field is 
limited by the inherent instability of RNA in vivo. In this 
regard, the availability of a polymerase that can Synthesize 
modified RNA for RNAi studies could prove to be useful. 
Modified RNAS will remain intact during transport, Storage, 
handling and during processes Such as electrophoresis, chro 
matography, or centrifugation. 

SUMMARY OF THE INVENTION 

0007. The present invention includes compositions and 
methods for Selecting functional genetic elements and uses 
of the Same. In one embodiment, the method includes the 
Step of Selecting in Vivo an autogene operon including one 
or more mutagenized functional genetic elements and one or 
more Selectable elements, wherein propagation of the auto 
gene depends on expression of the one or more mutagenized 
functional genetic elements and one or more Selectable 
elements. The in vivo selection may be followed by one or 
more rounds of in vitro amplification and in Vivo Selection. 
Examples of functional genetic element includes poly 
merase genes, an exon, a promoter, an enhancer, a Suppres 
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sor, a short interfering RNA (siRNA); a micro, interfering 
RNA (miRNA); a small, temporal RNA (stRNA); or a short, 
hairpin RNA (shRNA) or combinations thereof. The auto 
gene operon may direct the Synthesis of a detectable marker, 
e.g., an intracellular protein, a Secreted protein, a cell Surface 
protein, or combinations thereof. Examples of detectable 
markers include fluorescent proteins, GFP, luminescent pro 
teins, luciferase, or enzymes that can generate fluorescent or 
luminescent products, e.g., alkaline phosphatase or combi 
nations thereof. 

0008. When used with a selectable marker, such a marker 
for use with the present invention may confer antibiotic 
resistance to the cell, resistance to viral infection, 
autotrophic resistance, genetic complementation, enzymatic 
complementation, a cofactor, resistance against a toxin, a 
genetic croSS-Over point or combinations thereof. The 
method may further include mutagenizing the template 
containing the nucleic acid components, e.g., the one or 
more functional genetic elements or nucleic acid compo 
nents. The nucleic acid components is a gene for a tRNA, 
and one of the nucleic acid components include a codon that 
binds that tRNA, or even a codon that will bind the tRNA 
charged by that tRNA synthetase. 

0009. Another method of the present invention allows for 
the Selection and/or isolation of enzymatic variants of a gene 
by making an autogene library by randomizing one or more 
residues in the active site of a RNA polymerase enzyme 
under the control of its own promoter and expressing the 
autogene library in Vivo. The method may also include the 
Step of amplifying in vitro the gene encoding the RNA 
polymerase enzyme. The amplified variants may also be 
Sequenced, purified and tested by in vitro transcription 
assays using various normal and modified nucleotides. 
Examples of polymerase for use in the autogene of the 
present invention include: DNA polymerase, an RNA poly 
merase, a Reverse Transcriptase or a thermostable DNA 
polymerase, a thermostable RNA polymerase, a thermo 
stable Reverse Transcriptase or mutants thereof. When the 
invention uses an RNA polymerase as the gene, one or more 
marker can be Screened or Selected under the control of the 
RNA polymerase promoter and cells containing RNA poly 
merase variants are isolated by Screening or Selection. 

0010. In one embodiment, the gene is a polymerase, 
which may incorporate one or more non-traditional nucle 
otides, one or more unnatural nucleotides or combinations 
thereof. For example, an RNA polymerase may incorporate 
ribonucleotides modified at the 2' position, the RNA poly 
merase may be a T7 RNA polymerase with one or more of 
the following mutations: Tyró39Val, His784Gly, 
Glu593Gly, Val685Ala. The RNA polymerase may also be 
Screened for initiation with non-canonical nucleotides, use 
of different promoter Sequences, improved activity, thermo 
stability, or combinations thereof. The selectable marker 
may be, e.g., a CAT, a B-lactamase, an aminoglycoside 
kinase, or other antibiotic resistance marker. 

0011) Another embodiment of the present invention is a 
vector that includes a polymerase promoter, a mutant poly 
merase under the control of the polymerase promoter and a 
Selectable marker under the control of the polymerase pro 
moter. The vector may be incorporated into a host cell. The 
vector may be introduced into one or more cells that are 
deficient in nucleotide Synthesis a vector that includes an 
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RNA polymerase promoter, a mutant RNA polymerase 
under the control of the polymerase promoter and a Select 
able marker under the control of the RNA polymerase 
promoter, and Selecting for one or more cells that Survive 
Selection. The cells may be eukaryotic, bacterial or virally 
infected cells. The vector may be a phagemid. 

0012 Yet another method for selecting functional genetic 
elements may include Selecting in Vivo an autogene operon 
having one or more mutagenized functional genetic ele 
ments and one or more Screenable elements, wherein propa 
gation of the autogene depends on expression of the one or 
more mutagenized functional genetic elements and one or 
more Screenable elements. The Selectable marker may con 
fers antibiotic resistance to the cell, resistance to viral 
infection, autotrophic resistance, genetic complementation, 
enzymatic complementation, a cofactor, resistance against a 
toxin, a genetic croSS-Over point or combinations thereof. 
Alternatively, the method of Selecting and Screening of 
polymerases may include the Step of Selecting for one or 
more cells having a vector that includes a polymerase 
promoter, a mutant polymerase under the control of the 
polymerase promoter and an antibiotic resistance element 
under the control of the polymerase promoter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 For a more complete understanding of the features 
and advantages of the present invention, reference is now 
made to the detailed description of the invention along with 
the accompanying figures and in which: 

0.014 FIG. 1A shows an autogene selection for active T7 
RNA polymerase variants; 

0015 FIG. 1B through 1E are graphs that shows the 
relative activity of Selected variants, 
0016 FIG. 2A through 2E are gels that show the poly 
merase activity and the incorporation of 2'-O-methyl ribo 
nucleotides, and 

0017 FIG. 3A through 3C are gels demonstrating the 
fidelity of the enzymes of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.018 While the making and using of various embodi 
ments of the present invention are discussed in detail below, 
it should be appreciated that the present invention provides 
many applicable inventive concepts that can be embodied in 
a wide variety of Specific contexts. The Specific embodi 
ments discussed herein are merely illustrative of Specific 
ways to make and use the invention and do not delimit the 
Scope of the invention. 

0019. To facilitate the understanding of this invention, a 
number of terms are defined below. Terms defined herein 
have meanings as commonly understood by a perSon of 
ordinary skill in the areas relevant to the present invention. 
Terms such as “a”, “an' and “the are not intended to refer 
to only a singular entity, but include the general class of 
which a specific example may be used for illustration. The 
terminology herein is used to describe Specific embodiments 
of the invention, but their usage does not delimit the 
invention, except as outlined in the claims. 
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0020. It will be understood that particular embodiments 
described herein are shown by way of illustration and not as 
limitations of the invention. The principal features of this 
invention can be employed in various embodiments without 
departing from the Scope of the invention. Those skilled in 
the art will recognize, or be able to ascertain using no more 
than routine experimentation, numerous equivalents to the 
Specific procedures described herein. Such equivalents are 
considered to be within the Scope of this invention and are 
covered by the claims. 

0021 AS used herein, the term “gene” means the coding 
region of a deoxyribonucleotide Sequence encoding the 
amino acid Sequence of a protein. The term includes 
Sequences located adjacent to the coding region on both the 
5' and 3' ends such that the deoxyribonucleotide sequence 
corresponds to the length of the full-length mRNA for the 
protein. The term “gene' encompasses both cDNA and 
genomic forms of a gene. A genomic form or clone of a gene 
contains the coding region interrupted with non-coding 
Sequences termed “introns' or “intervening regions” or 
“intervening Sequences.” Introns are Segments of a gene that 
are transcribed into nuclear RNA (hnRNA); introns may 
contain regulatory elements Such as enhancers. Introns are 
removed, excised or “spliced out from the nuclear or 
primary transcript, introns therefore are absent in the mes 
senger RNA (mRNA) transcript. The mRNA functions dur 
ing translation to specify the Sequence or order of amino 
acids in a nascent polypeptide. A gene product expressed 
from the gene in the Vector comprises an epitope tag Selected 
from a His-tag, a myc-tag, a FLAG-tag, a GST, an MBP, or 
combinations thereof. In Specific examples, a gene for use 
with the present invention is a DNA polymerase, an RNA 
polymerase, a Reverse Transcriptase, a thermostable DNA 
polymerase, a thermostable RNA polymerase, a thermo 
Stable Reverse Transcriptase or mutants thereof. 

0022. In addition to containing introns, genomic forms of 
a gene may also include Sequences located on both the 5' and 
3' end of the sequences that are present on the RNA 
transcript. These Sequences are referred to as “flanking” 
Sequences or regions (these flanking Sequences are located 5' 
or 3' to the non-translated Sequences present on the mRNA 
transcript). The 5' flanking region may contain regulatory 
Sequences Such as promoters and enhancers that control or 
influence the transcription of the gene. The 3' flanking region 
may contain Sequences that direct the termination of tran 
Scription, posttranscriptional cleavage and polyadenylation. 

0023. As used herein, the term “autogene' is used to 
describe a gene product that is responsible for its own 
expression, e.g., a T7 RNA polymerase that is under the 
operable control of its own promoter. Other examples of 
autogenes for use with the present invention may include, 
DNA polymerases, reverse transcriptases, DNA binding 
proteins, transcription complex co-factors, RNAi, genes that 
rescue auxotrophic Strains, and the like and/or combinations 
thereof. The autogene may be part of an “autogene operon' 
that directs the Synthesis of a detectable marker Selected 
from, e.g., a fluorescent protein, GFP, a luminescent protein, 
luciferase, or an enzyme that can generate fluorescent or 
luminescent products, an alkaline phosphatase or combina 
tions thereof and the marker comprises an intracellular 
protein, a Secreted protein, a cell Surface protein, or com 
binations thereof. Alternatively or in combination with the 
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detectable marker and/or the autogene, a Selection marker 
may also be found in the autogene operon, e.g., an antibiotic 
Selection marker. 

0024. The present invention also includes autogenes that 
are functional genetic elements, which may include, and/or 
drive the transcription, and/or express: polymerase genes, an 
exon, a promoter, an enhancer, a Suppressor, a short inter 
fering RNA (siRNA); a micro, interfering RNA (miRNA); a 
Small, temporal RNA (stRNA); or a short, hairpin RNA 
(shRNA) or combinations thereof. 
0.025 AS used herein, the terms “transcriptional regula 
tory element,”“TRE’ and “transcriptional control region', 
“transcriptional response element', and "transcriptional 
control element', are used interchangeably to refer to a 
polynucleotide Sequence, preferably a DNA sequence, 
which Selectively activates transcription of an operably 
linked polynucleotide Sequence in a host cell. ATRE usually 
includes a promoter region and may optionally include, in 
addition to a promoter, other control Sequences Such as 
enhancers and Silencers. 

0026. As used herein, the term "heterologous”. TRE, 
promoter or enhancer is used to describe a TRE promoted or 
enhancer not normally associated in a cell with, or is not 
derived from, a gene's 5' flanking Sequence. In the context 
of a gene encoding a product that modulates active levels of 
at least one gene product of a hypertrophy-Sensitive gene, 
examples of a heterologous promoter or enhancer include an 
C-myosin heavy chain gene 5' flanking region. 
0.027 AS used herein, the term “operably linked' is used 
to define the orientation of polynucleotide elements in a 
functional relationship. ATRE is operably linked to a coding 
Segment if the TRE promotes transcription of the coding 
Sequence. Operably linked means that the DNA sequences 
are generally contiguous and, where necessary to join two 
protein coding regions, contiguous and in the same reading 
frame. However, Since enhancers generally function when 
Separated from the promoter by Several kilobases, Some 
polynucleotide elements may be operably linked but not 
contiguous. 
0028. The activity of a TRE in a TRE-reporter gene 
construct can be assessed after transient expression, or stable 
cell lines can be created. If a stable cell line is to be created, 
then the construct also contains a Selection gene also 
referred to as Selectable marker. The Selection gene encodes 
a protein necessary for the Survival or growth of transformed 
host cells grown in a Selective culture medium. Host cells 
not transformed with the vector containing the Selection 
gene will not Survive in the culture medium. Typical Selec 
tion genes encode proteins that confer resistance to antibi 
otics and other toxins, e.g., amplicillin, neomycin, methotr 
exate or tetracycline, complement auxotrophic deficiencies, 
or Supply critical nutrients not available from complex 
media. Alternatively, the Selectable marker can be contained 
on a construct separately from the construct containing the 
TRE-reporter gene, and the two constructs introduced Simul 
taneously into host cells. 
0029. As used herein the term “modified base” refers to 
a non-natural nucleotide of any Sort, in which a chemical 
modification may be found on the nucleobase, the Sugar, or 
the polynucleotide backbone or phosphodiester linkage. 
0030 Nucleic acid molecules are said to have “5' ends” 
and '3' ends' because mononucleotides are reacted to make 
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oligonucleotides in a manner Such that the 5' phosphate of 
one mononucleotide pentose ring is attached to the 3' oxygen 
of its neighbor in one direction via a phosphodiester linkage. 
Therefore, an end of an oligonucleotides referred to as the 
“3' end” if its 5' phosphate is not linked to the 3' oxygen of 
a mononucleotide pentose ring and as the “3' end” if its 3' 
oxygen is not linked to a 5" phosphate of a Subsequent 
mononucleotide pentose ring. AS used herein, a nucleic acid 
Sequence, even if internal to a larger oligonucleotide, also 
may be said to have 5' and 3' ends. In either a linear or 
circular DNA molecule, discrete elements are referred to as 
being "upstream” or 5' of the “downstream” or 3' elements. 
This terminology reflects the fact that transcription proceeds 
in a 5' to 3' fashion along the DNA strand. For example, the 
autogene include a promoter that is upstream from the 
polymerase that it drives the transcription and expression 
thereof. 

0031. The term “gene of interest” as used herein refers to 
a gene, the function and/or expression of which is desired to 
be investigated, or the expression of which is desired to be 
regulated, by the present invention. In the present disclosure, 
the T7 RNA polymerase gene is an example of a gene of 
interest and is described herein to illustrate the invention, 
however, the skilled artisan will recognize that other poly 
merases, DNA or RNA; viral, prokaryotic or eukaryotic. 

0032. The term “hybridize” as used herein, refers to any 
process by which a Strand of nucleic acid binds with a 
complementary Strand through base pairing. Hybridization 
and the Strength of hybridization (i.e., the strength of the 
association between the nucleic acid Strands) is impacted by 
Such factors as the degree of complementary between the 
nucleic acids, Stringency of the conditions involved, the 
melting temperature of the formed hybrid, and the G:C (or 
U:C for RNA) ratio within the nucleic acids. 
0033. The terms “complementary' or “complementarity” 
as used herein, refer to the natural binding of polynucle 
otides under permissive Salt and temperature conditions by 
base-pairing. For example, for the Sequence "A-G-T binds 
to the complementary Sequence "T-C-A'. Complementarity 
between two Single-Stranded molecules may be partial, in 
which only Some of the nucleic acids bind, or it may be 
complete when total complementarity exists between the 
Single Stranded molecules. The degree of complementarity 
between nucleic acid Strands has significant effects on the 
efficiency and strength of hybridization between nucleic acid 
Strands. This is of particular importance in amplification 
reactions, which depend upon binding between nucleic acids 
Strands. 

0034. The term “homology,” as used herein, refers to a 
degree of complementarity. There may be partial homology 
or complete homology (i.e., identity). A partially comple 
mentary Sequence is one that at least partially inhibits an 
identical Sequence from hybridizing to a target nucleic acid; 
it is referred to using the functional term “Substantially 
homologous.” The inhibition of hybridization of the com 
pletely complementary Sequence to the target Sequence may 
be examined using a hybridization assay (Southern or North 
ern blot, solution hybridization and the like) under condi 
tions of low Stringency. A Substantially homologous 
Sequence or probe will compete for and inhibit the binding 
(i.e., the hybridization) of a completely homologous 
Sequence or probe to the target Sequence under conditions of 
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low Stringency. This is not to say that conditions of low 
Stringency are Such that non-specific binding is permitted; 
low Stringency conditions require that the binding of two 
Sequences to one another be a specific (i.e., Selective) 
interaction. The absence of non-specific binding may be 
tested by the use of a Second target Sequence which lackS 
even a partial degree of complementarity (e.g., less than 
about 30% identity); in the absence of non-specific binding, 
the probe will not hybridize to the Second non-complemen 
tary target Sequence. When used in reference to a single 
Stranded nucleic acid Sequence, the term “Substantially 
homologous” refers to any probe which can hybridize (i.e., 
it is the complement to the Single-Stranded nucleic acid 
Sequence under conditions of low Stringency as described). 
0035. As known in the art, numerous equivalent condi 
tions may be employed to include either low or high 
Stringency conditions. FactorS Such as the length and nature 
(DNA, RNA, base composition) of the sequence, nature of 
the target (DNA, RNA, base composition, presence in 
Solution or immobilization, etc.), and the concentration of 
the Salts and other components (e.g., the presence or absence 
of formamide, dextran Sulfate and/or polyethylene glycol) 
are considered and the hybridization Solution may be varied 
to generate conditions of either low or high Stringency 
different from, but equivalent to, the above listed conditions. 

0.036 AS used herein the term “stringency” is used in 
reference to the conditions of temperature, ionic Strength, 
and the presence of other compounds Such as organic 
Solvents, under which nucleic acid Selections are conducted. 
With “high stringency' conditions a relatively small number 
of nucleic acid catalysts will be selected from a random 
Sequence pool, while under “low Stringency conditions” a 
larger number of nucleic acid catalysts will be Selected from 
a random Sequence pool. 

0037 AS used herein, the term “transformation” 
describes a process by which exogenous DNA enters and 
changes a recipient cell. It may occur under natural or 
artificial conditions using various methods well known in 
the art. Transformation may rely on any known method for 
the insertion of foreign nucleic acid Sequences into a 
prokaryotic or eukaryotic host cell. The method is Selected 
based on the host cell being transformed and may include, 
but is not limited to, Viral infection, electroporation, lipo 
fection, and particle bombardment. Such “transformed” 
cells include stably transformed cells in which the inserted 
DNA is capable of replication either as an autonomously 
replicating plasmid or as part of the host chromosome. 

0.038. The term “transfection” as used herein refers to the 
introduction of foreign DNA into eukaryotic cells. Trans 
fection may be accomplished by a variety of methods known 
to the art including, e.g., calcium phosphate-DNA co-pre 
cipitation, DEAE-deXtran-mediated transfection, polybrene 
mediated transfection, electroporation, microinjection, lipo 
Some fusion, lipofection, protoplast fusion, retroviral 
infection, and biolistics. Thus, the term “stable transfection” 
or “stably transfected” refers to the introduction and inte 
gration of foreign DNA into the genome of the transfected 
cell. The term "stable transfectant” refers to a cell that has 
stably integrated foreign DNA into the genomic DNA. The 
term also encompasses cells that transiently express the 
inserted DNA or RNA for limited periods of time. Thus, the 
term “transient transfection” or “transiently transfected” 
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refers to the introduction of foreign DNA into a cell where 
the foreign DNA fails to integrate into the genome of the 
transfected cell. The foreign DNA persists in the nucleus of 
the transfected cell for several days. During this time the 
foreign DNA is Subject to the regulatory controls that govern 
the expression of endogenous genes in the chromosomes. 
The term “transient transfectant” refers to cells that have 
taken up foreign DNA but have failed to integrate this DNA. 

0039. As used herein, the term “selectable marker” refers 
to the use of a gene that encodes an enzymatic activity and 
that confers the ability to grow in medium lacking what 
would otherwise be an essential nutrient (e.g., the HIS3 gene 
in yeast cells); in addition, a selectable marker may confer 
resistance to an antibiotic or drug upon the cell in which the 
Selectable marker is expressed. A review of the use of 
Selectable markers in prokaryotic, eukaryotic and even 
mammalian cell lines is provided in Sambrook, J., et al., 
Molecular Cloning: A Laboratory Manual, 2nd ed., Cold 
Spring Harbor Laboratory Press, New York (1989), relevant 
portions incorporated herein by reference. Selection may 
even be based on the ability of the polymerase to incorporate 
one or more non-traditional nucleotides, one or more 
unnatural nucleotides, one or more ribonucleotides modified 
at the 2' position and combinations thereof. Selectable 
markers for use with the present invention may be under the 
control of a constitutive or inducible promoter and drive the 
expression of, e.g., a CAT, a B-lactamase, an aminoglycoside 
kinase, or other antibiotic resistance marker. In one embodi 
ment, the Selective marker is under the control of the same 
promoter as the autogene. 

0040 AS used herein, the term “reporter gene” refers to 
a gene that is expressed in a cell upon Satisfaction of one or 
more contingencies and which, upon expression, conferS a 
detectable phenotype to the cell to indicate that the contin 
gencies for expression have been Satisfied. For example, the 
gene for Luciferase conferS a luminescent phenotype to a 
cell when the gene is expressed inside the cell. In the present 
invention, the gene for Luciferase may be used as a reporter 
gene Such that the gene is only expressed upon the Splicing 
out of an intron in response to an effector. Those cells in 
which the effector activates splicing of the intron will 
express Luciferase and will glow. Cells expressing reporter 
genes may be Selected and/or isolated using, e.g., cell 
Sorting, fluorescence activated cell Sorting (FACS), manual 
Sorting, automated Sorting and the like. 

0041 AS used herein, the terms “markers,”“detectable 
markers” and “detectable labels” are used interchangeably to 
refer to compounds and/or elements that can be detected due 
to their specific functional properties and/or chemical char 
acteristics, the use of which allows the agent to which they 
are attached to be detected, and/or further quantified if 
desired, Such as, e.g., an enzyme, radioisotope, electron 
dense particles, magnetic particles or chromophore. There 
are many types of detectable labels, including fluorescent 
labels, which are easily handled, inexpensive and nontoxic. 
In Some examples, the markers may confer antibiotic resis 
tance, may be auxotrophic, a fluorescent protein, GFP, a 
luminescent protein, a luciferase, an enzyme that can gen 
erate fluorescent or luminescent products, an alkaline phos 
phatase or combinations thereof. 

0042. As used herein, the term “vector” is used in refer 
ence to nucleic acid molecules that transfer DNA segment(s) 
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from one cell to another. The term "vehicle' is sometimes 
used interchangeably with “vector.” The term “vector” as 
used herein also includes expression vectors in reference to 
a recombinant DNA molecule containing a desired coding 
Sequence and appropriate nucleic acid Sequences necessary 
for the expression of the operably linked coding Sequence in 
a particular host organism. Nucleic acid Sequences neces 
Sary for expression in prokaryotes usually include a pro 
moter, an operator (optional), and a ribosome binding site, 
often along with other Sequences. Eukaryotic cells are 
known to utilize promoters, enhancers, and termination and 
polyadenylation Signals. 

0.043 AS used herein, the term “host cell” refers to cells 
that have been engineered to contain nucleic acid Segments 
or altered Segments, whether archeal, prokaryotic, or 
eukaryotic. Thus, engineered, or recombinant cells, are 
distinguishable from naturally occurring cells that do not 
contain recombinantly introduced genes through the hand of 
humans. Examples of prokaryotic hosts may include gram 
negative as well as gram positive bacteria Such as, for 
example, E. coli, S. typhimurium, Serratia marceScenS and 
Bacillus Subtilis. 

0044 As used herein, the term “amplify”, when used in 
reference to nucleic acids refers to the production of a large 
number of copies of a nucleic acid Sequence by any method 
known in the art. Amplification is a special case of nucleic 
acid replication involving template Specificity. Template 
Specificity is frequently described in terms of “target” speci 
ficity. Target Sequences are “targets' in the Sense that they 
are to be Sorted out from other nucleic acid. Amplification 
techniques have been designed primarily for this Sorting out. 

0.045. As used herein, the term “primer' refers to an 
oligonucleotide, whether occurring naturally as in a purified 
restriction digest or produced Synthetically, which is capable 
of acting as a point of initiation of Synthesis when placed 
under conditions in which Synthesis of a primer extension 
product which is complementary to a nucleic acid Strand is 
induced, (i.e., in the presence of nucleotides and an inducing 
agent Such as DNA polymerase and at a Suitable temperature 
and pH). The primer may be single Stranded for maximum 
efficiency in amplification but may alternatively be double 
stranded. If double stranded, the primer is first treated to 
Separate its Strands before being used to prepare extension 
products. The primer must be Sufficiently long to prime the 
Synthesis of extension products in the presence of the 
inducing agent. The exact length of the primers will depend 
on many factors, including temperature, Source of primer 
and the use of the method. 

0046. As used herein, the term “probe' refers to an 
oligonucleotide (i.e., a sequence of nucleotides), whether 
occurring naturally as in a purified restriction digest or 
produced synthetically, recombinantly or by PCR amplifi 
cation, which is capable of hybridizing to another oligo 
nucleotide of interest. A probe may be single-Stranded or 
double-stranded. Probes are useful in the detection, identi 
fication and isolation of particular gene Sequences. It is 
contemplated that any probe used in the present invention 
will be labeled with any “reporter molecule,” so that is 
detectable in any detection System, including, but not limited 
to enzyme (e.g. ELISA, as well as enzyme-based his 
tochemical assays), fluorescent, radioactive, and lumines 
cent Systems. It is not intended that the present invention be 
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limited to any particular detection System or label. AS used 
herein, the term “target' when used in reference to the 
polymerase chain reaction, refers to the region of nucleic 
acid bounded by the primers used for polymerase chain 
reaction. Thus, the “target' is Sought to be Sorted oat from 
other nucleic acid Sequences. A “Segment' is defined as a 
region of nucleic acid within the target Sequence. AS used 
herein, the term “polymerase chain reaction” (“PCR”) refers 
to the method of K. B. Mullis U.S. Pat. Nos. 4,683,195, 
4,683,202, and 4,965,188, hereby incorporated by reference, 
which describe a method for increasing the concentration of 
a Segment of a target Sequence in a mixture of genomic DNA 
without cloning or purification. This proceSS for amplifying 
the target Sequence consists of introducing a large excess of 
two oligonucleotide primers to the DNA mixture containing 
the desired target Sequence, followed by a precise Sequence 
of thermal cycling in the presence of a DNA polymerase. 
The two primers are complementary to their respective 
Strands of the double Stranded target Sequence. 
0047. To effect amplification, the mixture is denatured 
and the primers then annealed to their complementary 
Sequences within the target molecule. Following annealing, 
the primers are extended with a polymerase So as to form a 
new pair of complementary Strands. The Steps of denatur 
ation, primer annealing and polymerase extension can be 
repeated many times (i.e., denaturation, annealing and 
extension constitute one “cycle'; there can be numerous 
“cycles') to obtain a high concentration of an amplified 
segment of the desired target sequence. The length of the 
amplified Segment of the desired target Sequence is deter 
mined by the relative positions of the primers with respect 
to each other, and therefore, this length is a controllable 
parameter. By virtue of the repeating aspect of the process, 
the method is referred to as the “polymerase chain reaction' 
(hereinafter "PCR"). Because the desired amplified seg 
ments of the target Sequence become the predominant 
Sequences (in terms of concentration) in the mixture, they 
are said to be PCR amplified”. 
0048. With PCR, it is possible to amplify a single copy of 
a Specific target Sequence in genomic DNA to a level 
detectable by Several different methodologies, e.g., hybrid 
ization with a labeled probe; incorporation of biotinylated 
primers followed by avidin-enzyme conjugate detection; 
incorporation of P-labeled deoxynucleotide triphosphates, 
such as DCTP or DATP, into the amplified segment. In 
addition to genomic DNA, any oligonucleotide Sequence 
can be amplified with the appropriate Set of primer mol 
ecules. In particular the amplified Segments created by the 
PCR process itself are, themselves, efficient templates for 
Subsequent PCR amplifications. 

0049 Modified RNA and DNA molecules have novel 
properties which their natural counterparts do not possess, 
Such as increased resistance to degradation in cells and 
improved pharmacokinetic behavior' . In particular, modi 
fications at the 2'-OH of ribose are important for enhancing 
the stability of RNA ". Unfortunately, it is difficult to 
enzymatically Synthesize modified nucleic acids of any 
Substantial length because natural polymerases are ineffi 
cient at the incorporation of modified nucleotides. Previ 
ously, the present inventors reported an activity-based 
method for selecting functional T7 RNA polymerase vari 
ants based on the ability of a T7 RNA polymerase to 
reproduce itself. The original procedure has now been 
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modified to identify polymerases that can efficiently incor 
porate multiple modified nucleotides at the 2' position of the 
ribose. Most importantly, this method allows the selection of 
polymerases that have good processivities, and can be 
combined to Simultaneously incorporate Several different 
modified nucleotides in a transcript. 
0050 Previously, a system was developed in which T7 
RNA polymerase was cloned under the control of its own 
promoter, to create an autogene. Upon construction of a 
polymerase library and transformation, those variants that 
are more active will generate more mRNA. Mass isolation 
of the mRNA followed by reverse transcription and PCR 
leads to the Selective amplification of active polymerase 
variants. 
0051. In order to increase the stringency of the initial 
Selection, the autogene Selection was modified So that not 
only did the polymerase need to reproduce itself but it also 
had to transcribe an antibiotic resistance element (chloram 
phenicol acetyl transferase, CAT) that was required for 
cellular survival (FIG. 1a). Following transformation, out 
growth, and plating on chloramphenicol, only those poly 
merase variants that were active enough to produce Suffi 
cient CAT should have Survived the selection. 

0.052 Amino acid positions R425, G542, Y639, and 
H784 in the T7 RNA polymerase gene were randomized. 
These positions have been implicated either by previous 
mutagenesis experiments' or by structural analyses’ ‘’’ 
to be involved in interactions with the 2' hydroxyl moiety of 
ribotides. 

0053. The library of polymerase variants was cloned 
behind the T7 RNA polymerase promoter and introduced 
into E. coli cells along with a vector in which the CAT 
reporter gene was also under the control of the T7 RNA 
polymerase promoter. The initial, transformed library con 
sisted of ~107 to 10 individual clones and was sufficient in 
Size to encompass all the possible permutations of the four 
randomized codons. After transforming the library into cells 
harboring the plasmid for the reporter gene, the cells were 
grown to saturation and induced with IPTG. The population 
was then plated on media containing 0, 30, 60, or 100 lug/mL 
chloramphenicol and 1 mM IPTG. Polymerase variants that 
Survived the Selection on Cam plates were Sequenced. The 
Selection was repeated a number of times in order to ensure 
that the population had been fully sampled. Twenty-five 
different mutant polymerases were eventually identified; as 
expected, many of the same variants were observed more 
than once. 

0.054 Sequence analysis of the twenty-five selected vari 
ants (Table 1) showed that position R425 was unchanged in 
all the variants, confirming the importance of this residue for 
activity and also in maintaining the C3'-endo ribose confor 
mation. A majority of the clones also maintained the glycine 
residue at position 542. However, at position 639, five 
polymerase variants had a Tyr to Phe substitution, a well 
known amino acid change that increases the ability of the 
polymerase to incorporate 2" modified ribotides' . 
Finally, substitutions at the 784 position were much more 
diverse. Only five variants retained the H784, while six 
variants have a Gly or Ser Substitution, and 4 variants have 
an Ala Substitution. Taken together, these results verified that 
the Screen taught herein was returning active polymerases 
with a sufficient diversity of substitutions to search for 
altered activities. 
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0055 Following selection, the mutant polymerases were 
purified via the 6xHis tag at the N-terminus of the T7 RNAP 
gene. In vitro transcription assays were then performed 
using normal and various 2 position modified nucleotides. 
The extent of incorporation into the full-length 80-mer 
transcript was monitored, and the results of the assays are 
presented in FIG. 1B-1E. 

0056. The polymerase variants largely retained the ability 
to utilize normal ribonucleotides, albeit at a reduced level 
relative to wild-type (FIG. 1B). In addition, a number of the 
Selected variants were found to efficiently incorporate 2 
modified nucleotides. The ability of the Y639F mutant to 
optimally incorporate 2 fluoropyrimidines (FIG. 1C) and 2 
amino pyrimidines (FIG. 1D), was confirmed, although a 
novel triple mutant G542V, H784S, H772R (RVYS, 
H772R) also had considerable activity with fluoropyrim 
idines. It should be noted that position 772 was not random 
ized in the initial library, and this substitution probably arose 
during the construction of the initial library via overlap PCR, 
which is inherently mutagenic. Directed mutation Studies 
revealed that the mutation at 772 (H772R) did not have any 
effect on fluoropyrimidine incorporation (data not shown). 
0057 When 2 O-methyl UTP was assayed as a substrate, 
the best activities were shown by the variants, Y639F, 
H784A (RGFA or 'Sousa variant), Y639V, H784G, 
E593G, V685A (RGVG, E593G, V685A), Y639F 
(RGFH) and Y639L, A255T (RGLH, A255T) (FIG. 1E). 
The Y639F, H784A variant has been shown to improve the 
incorporation of ribose derivatives containing bulky Sub 
stituents at the 2' position (2'methoxy and 2'azido Substitu 
ents)7. 
0058. Further assays were performed using single and 
multiple combinations of 2 O-methoxy nucleotides. The 
best variant (RGVG, E593G, V685A) was able to incor 
porate all the 2'O-methyl nucleotides except 2'-O-methyl 
GTP, including various combinations of 2"O-methyl nucle 
otides (FIG. 2A-2B). Although the yield of full-length 
transcripts that incorporated methoxy nucleotides was low, 
transcripts as long as 155 nucleotides in length could be 
generated with 2'-O-methylpyrimidine substitutions (FIG. 
2D). Recently, another activity-based selection method has 
been reported in which a DNA polymerase capable of 
incorporating 2'-O-methyl derivatives was identified". 
However, the selected DNA polymerase was not very pro 
cessive and could only add 5 normal nucleotides after the 
addition of the first modified 2'-O-methyl nucleotide before 
falling off the template. In contrast, in the case of the 
155-mer cited above, 73 of the nucleotides in the full-length 
transcript were 2" modified methoxypyrimidines. Modified 
RNA polymerases would therefore seem to be of greater 
biotechnological utility" (for example, in making modified 
siRNA for RNA interference studies) than modified DNA 
polymerases. 

0059. In addition to being able to incorporate multiple 2 
O-methyl nucleotides, different polymerase variants could 
be combined to introduce a number of different modifica 
tions in parallel (FIG. 2B). The enzymes RGVG, E593G, 
V685A and RGFH were used either alone or together (1:1 
ratio) in assays with various combinations of modified 
nucleotides. Although overall yields were low, full-length 
RNA transcripts were observed even when three different 
modifications (2-amino ATP,2'-fluoro CTP and 2'-O-methyl 
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UTP) were incorporated into transcripts. In general, the 
transcription efficiency with the two polymerases together 
was higher than when either one was used singly, even 
though comparable numbers of units were added to each 
reaction. For example, in assays where 2'-OMe-ATP was 
used (see FIG. 2E), transcripts were detected only when 
mixtures of polymerases were used. The 2'-OMe-ATP was 
used poorly as a substrate by all mutant enzymes (see FIG. 
2B). As a result, combinations of various pyrimidine modi 
fications together with 2'-OMe-ATP also failed to produce 
transcripts in appreciable amounts even when combinations 
of enzymes were used (see FIG. 4B, lanes 1,2,3 and 
10,11,12). In assays where 2'-NH-ATP, 2"-F-CTP, and 
2'-OMe-UTP were mixed, approximately 7-fold more prod 
uct was produced with a polymerase mixture (ratio of lanes 
5 and 6 in FIG. 2E). Thus, the polymerases seem able to 
Switch between nascent transcripts in order to introduce their 
favored substrates; the mutant, “RGVG, E593G, V685A 
was previously found to be more specific towards 2"O- 
methyl substituents, whereas the Y639F (RGFH) mutant 
preferred 2'-fluoro and 2'-amino Substituents. 
0060. While T7 RNA polymerase has been previously 
reported to traverse through nickS and gaps in the template 
strand and to bypass branched junctions, there was previ 
ously no indication that it might Switch between transcripts. 
This finding should allow RNA transcripts with a variety of 
chemical properties to be made, just as combining DNA 
polymerases with different processivities and fidelities is 
now routinely used to generate PCR products of varying 
lengths and complexities. 
0061) To determine whether the RGVG, E593G, V685A 
variant was faithfully incorporating 2'-O-methyl nucle 
otides, RNase Ti digestions were performed. The patterns 
obtained from the digestion of normal RNA made with 
wild-type T7 RNA polymerase and 2'-O-methylpyrimidine 
modified RNA made with the “RGVG, E593G, V685A 
variant were very similar (FIG. 3A). It is noteworthy that 
2'-OMe modified RNA is highly resistant to cleavage by 
RNaseA at concentrations where normal RNA is completely 
degraded (FIG. 3B). The cleavage patterns observed at 
higher concentrations of RNaseA were consistent with what 
is known about the mechanism of the enzyme, with cleavage 
occurring at adenosine residues followed by adenosine or by 
two purines (FIG. 3C). These results further confirm the 
fidelity of the enzyme in incorporating modified nucleotides. 
0.062. It should be possible to improve incorporation by 
further improving processivity. In general, the wild-type 
polymerase and the RGFA variant stalled whenever they 
had to incorporate multiple 2'-OMe residues, while the 
RGVG, E593G, V785A variant could read through runs of 
modified nucleotides (FIG. 2C). In this regard, it is impor 
tant to note that processivity is tested directly, Since full 
length mRNAS must be produced in vivo in order for 
colonies that contain a polymerase variant to grow. In 
contrast, selections for DNA polymerase variants recently 
reported relied on a Strategy in which just four modified 
nucleotides are added to a primer terminus attached to a 
phage particle. 
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0063 Modified RNA transcripts are already finding util 
ity as antisense therapeutics and as diagnostic probes 
owing to their improved Stabilities and hybridization poten 
tial. In particular, 2'-O-methylated RNAS are structurally 
much more stable than their unmodified counterparts' ', 
and have the advantage that they are naturally found in 
ribosomal RNA and thus may be of greater applicability for 
therapy. At present, nuclease resistant aptamers for clinical 
applications are being prepared using 2'-fluoropyrimidine 
nucleotides. To the extent that it proves possible to reverse 
transcribe 2'-O-methyl modified RNAS it should be possible 
to also use these for the in vitro Selection of extensively 
modified and highly stable RNA aptamers. 

0064. Materials and Methods. Vent and Taq polymerases 
were purchased from New England Biolabs (Beverly, 
Mass.). The cloning vector pCAT3-promoter was obtained 
from Promega (Madison, Wis.). Pfu Ultra DNA poly 
merase and BL21 (DE3) competent cells used for expression 
and purification of mutant T7 RNA polymerases were 
obtained from Stratagene (La Jolla, Calif.). All the modified 
nucleotides used in transcription reactions were purchased 
from Trilink Biotechnologies (San Diego, Calif.) and regular 
NTPs were obtained from Amersham Biosciences (Piscat 
away, N.J.). The cDNA template that was used for transcrip 
tion assays, pTRI-RNA-28S, and the enzymes RNaseT1 and 
RNaseA was obtained from Ambion Inc (Austin, Tex.). All 
oligonucleotides including primers with randomized regions 
were obtained from Integrated DNA Technologies (Cor 
alville, Calif.). 
0065. Autogene library construction. The T7 autogene 
library was constructed by randomizing the T7 RNA poly 
merase gene at positions R425, G542, Y639, and H784. The 
double-Stranded DNA fragments containing each of the 
random regions were made by PCR using randomized 
primers in which the codons encoding the amino acids R425, 
G542, Y639 and H784 were NNN, where N indicates an 
equimolar mixture of all four bases. The fragments were 
then assembled by overlapping PCR using Pfu Ultra DNA 
polymerase. The DNA insert that was obtained was digested 
with AccG5I and Xbal restriction enzymes and ligated into 
the wild type T7 autogene vector digested with the same 
enzymes. The T7 autogene vector had previously been 
made by cloning the T7 RNA polymerase gene downstream 
of the T7 promoter region in a pET28a+ vector, which 
includes a kanamycin resistance gene. The reporter gene 
vector was made by cloning the T7 promoter upstream of the 
CAT gene in the pCAT3-promoter vector, which also con 
tains an amplicillin resistance gene. 

0066 Genetic selection and screen. The autogene library 
was co-transformed along with the chloramphenicol acetyl 
transferase reporter gene vector into DH5Alac cells. The 
transformed library was allowed to recover in liquid culture 
in the absence of antibiotics, and the media was then 
Supplemented with 25 ug/mL kanamycin and 100 ug/mL 
ampicillin and incubated at 37 C. for 2 hrs. The culture was 
induced with 1 mM isopropyl B-D-thiogalactopyranoside 
(IPTG) and 30 lug/mL chloramphenicol was added. The cells 
were allowed to grow at 37 C. for 6 hrs. The saturated 
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culture was then plated on LB plates containing 25 ug/mL 
kanamycin, 100 lug/mL ampicillin, 1 mM IPTG and varying 
concentrations (30, 60, and 100 lug/mL) of chloramphenicol. 
The plates were incubated at 37 C. for 16 hrs. Colonies 
varied in size, and fewer colonies were seen on plates with 
higher concentrations of chloramphenicol. Colonies (ca. 
15% of the total) were picked from each plate and the 
polymerase genes Sequenced. In parallel, the transformed 
library was also plated on LB containing kanamycin and 
ampicillin to estimate the total library size, which was on the 
order of 107-10. As a negative control, transformants were 
also plated on LB-kan?amp/cam plates (with no induction); 
as expected, this Study yielded no colonies. The Selection/ 
Screen was repeated a number of times to Sample a larger 
population of variants. 
0067. Purification of mutant polymerases. The autogene 
plasmids contained a 6x histidine tag at the N-terminus of 
the polymerase gene and were transformed to BL21 (DE3) 
cells for protein expression and purification. The trans 
formed variants were propagated and induced, and the 
enzymes were purified by nickel chelate chromatography, 
according to instructions provided by Qiagen Inc (Chat 
sworth, Calif.). The purified enzymes were determined to be 
>99% pure by SDSPAGE and staining with Coomassie blue 
(data not shown). Purified enzyme concentrations were 
determined via Bradford protein assays (Bio-Rad, Hercules, 
Calif.). The wild-type T7 RNA polymerase enzyme was also 
purified by identical procedures, and was used as a control 
in all transcription assayS. 
0068 Analysis of polymerase activity. All transcription 
reactions using modified nucleotides were carried out for 4 
hrs at 37° C. in 40 mM Tris-HCl (pH 8.0), 30 mM MgCl, 
6 mM spermidine and 10 mM DTT, with templates at 0.8 
LM and RNA polymerases at 5x107 M (0.5 lug) final 
concentrations. All NTPs were used at 6 mM final concen 
trations in a 10 till transcription reaction, and the transcripts 
were labeled by inclusion of 3000 Ci/mmol C-'P GTP. 
Reactions were stopped by adding an equal volume of 95% 
formamide, 20 mM EDTA, and 0.01% bromophenol blue; 
resolved by electrophoresis on denaturing 8% acrylamide, 
1% bisacrylamide, 1xTBE gels; and analyzed on a Molecu 
lar Dynamics Phosphorimager (Sunnyvale, Calif.). The 
80-nucleotide and 155-nucleotide RNA transcripts obtained 
from the two DNA templates used in the transcription 
reactions were: 

0069 Transcript-80: 
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0071 FIG. 1A shows the basic autogene selection 
scheme of the present invention using active T7 RNA 
polymerase variants as an example. An autogene library 
randomized at amino acid residues R425, G542, Y639, and 
H784 was co-transformed into E. coli along with a compat 
ible reporter vector that conferS bacterial resistance to 
chloramphenicol. Active autogenes that over-express T7 
RNA polymerase will also drive the expression of the 
resistance gene and confer resistance to the antibiotic. Fol 
lowing induction with IPTG, colonies containing active 
polymerase variants are picked from LB-chloramphenicol 
plates and the genes and proteins are further characterized, 
as described in the text. 

0072 FIG. 1B through 1E show the relative activities of 
the Selected polymerase variants with regular and modified 
nucleotides. In all assays, the production of an 80-residue 
run-off transcript (transcript-80) from a PCR template was 
quantitated. The activity of the wild-type enzyme with 
rNTPs is normalized to 100% (indicated by black bars). 
Relative polymerase activities are shown for: (FIG. 1B) 
rNTPs, (FIG. 1C) 2'-fluoropyrimidines, (FIG. 1D) 2'-ami 
nopyrimidines, and (FIG. 1E) 2' O-methyl UTP. 

0073 Table 1. Summarizes the sequences of selected 
polymerase variants. Amino acid Substitutions from the 
original library are shown in bold and have been underlined; 
additional amino acid Substitutions are shown in bold. 
'Silent mutations occurred at a rate which is half as for other 

mutations, but are not shown. Variants that were found more 
than once from multiple Screens are indicated. 

GGGAAAGGAUCCACAUCUACGAAUUCAGGGGACGUAGCAAUGACUGAGAUGCUGGGUUC (SEQ ID NO. : 1) 
ACUGCAGACUUGACGAAGCUU 

and 

0070 pTri-RNA-28S: 

(SEQ ID NO. : 2) 
GGGAGACUCGAGAAUUACCCUCACUAAAGGGAGGUACCUAACCUGUCUCACGACGGUCUA. 

AACCCAGCUCACGUUCCCUAUUAGUGGGUGAACAAUCCAACGCUUGGUGAAUUCUGCUUC 

ACAAUGAUAGGAAGAGCCGACAUCGAAGGAUCUAGA. 
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TABLE 1. 

Selected Position Position Position Position Other 
Clones Arg 425 Gly 542 Tyr 639 His 784 mutations 

*RCYA-1. 1 Arg Cys Tyr Ala 

*RGMA-12 Arg Gly Met Ala 

*RGFN-13 Arg Gly Phe Asn 

*RGYC-14 Arg Gly Tyr Cys 

*RGYC-17 Arg Gly Tyr Cys H799R 

RYAH-1. 18 Arg Tyre Ala His 

*RWCH-123 Arg Wall Cys His 

RCYS-129 Arg Cys Tyr Sere L532F 

*RGLH-2 10 Arg Gly Lieul His A255 

RTMH-23 Arg Thire Met His 

RGMH-2 16 Arg Gly Met His 

*RWYS-72 Arg Wall Tyr Sere Q583R 

*RGFAT5 Arg Gly Phe Ala 

RGWG-81 Arg Gly Wall Gly. E593G, V685A 

RGFG-8-2 Arg Gly Phe Gly 

RGFG-83 Arg Gly Phe Gly S701F 

RGFH-84 Arg Gly Phe His 

RWYG-88 Arg Wall Tyr Gly 

*RWYS-89 Arg Wall Tyr Sere H772W 

RGYG-12.1 Arg Gly Tyr Gly 

*RWYG-12.2 Arg Wall Tyr Gly G283C 

*RCYA-123 Arg Cys Tyr Ala Q754R 

*RGYS-12. 21 Arg Gly Tyr Sere 

RGFS-12 24 Arg Gly Phe Sere 

RWYS-1225 Arg Wall Tyr Ser H772R 

0074 FIG. 2A through FIG. 2E Summarize the poly- dilution for ease of quantitation. FIG. 2C shows the 
merase activities with multiple 2 O-methyl modifications 
and Synthesis of long and complex modified transcripts 
using the Selected polymerases. 

0075 FIG. 2A and FIG. 2B show the incorporation of 
various 2'-OMe modifications. Transcription of an 80-resi 
due transcript (transcript-80) is shown. Transcripts were 
labeled by the inclusion of C.--P GTP in the reaction and 
products were resolved by electrophoresis on an 8% dena 
turing acrylamide gel. In each Set, the first lane is the 
wild-type polymerase (lanes 1, 4, and 7), while the Second 
lane is the variant RGVG, E593G, V685A (lanes 2, 5, and 
8), and the third lane is the RGFA or 'Sousa variant (lanes 
3, 6, and 9). None of the polymerases showed activity with 
2"O-methyl GTP (data not shown). The wild-type reaction 
with rNTPs (first lane in each set) was loaded after 10-fold 

decreased Stalling by a polymerase variant. Lane 1 is an 
RNA ladder. The approximate positions at which the wild 
type and RGFA polymerases Stall when incorporating 
2'-OMe-UTP and 2'-OMe-CTP are underlined in the tran 
script-80 sequence. FIG. 2D shows the synthesis of longer 
transcripts containing 2'-OMe pyrimidines. The wild-type 
and three polymerase variants were assayed for the incor 
poration of 2'-OMe-UTP and 2'-OMe-CTP on a DNA tem 
plate (pTri-RNA-28S) that encoded a transcript of 155 
nucleotides in length. FIG. 2E shows the synthesis of 
complex modified transcripts. Different combinations of 
modified nucleotides were incorporated into an 80-residue 
transcript (transcript-80) by polymerase variants. The poly 
merase variant “RGVG, E593G, V685A is shown in lanes 
1, 4, 7, and 10. The variant Y639F is shown in lanes 2, 5, 8, 
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and 11. A 1:1 mixture of the variant polymerases is shown 
lanes 3, 6, 9, and 12. The overall concentration of added 
polymerase was the same for each study. 
0.076 Table 2 Summarizes quantitation of the production 
of full-length transcripts by polymerase variants relative to 
the wild-type enzyme. The values shown are relative to the 
activity of the wild-type enzyme with rNTPs, which has 
been normalized to 100.n.d. indicates not determined. 

WT “RGVG, RGFA 
(RGYH) E593G, V685A (YG39F, H784A) 

A r NTPs 1OO 32 37 
2'-OMe-UTP 7 22 26 
2'-OMe-CTP 11 42 24 
2'-OMe-ATP n.d 4 n.d 
2'-OMe-UTP/CTP n.d 13 3 
2'-OMe-UTP/CTP/ATP n.d 1. n.d 

0.077 Next, a series of assays were conducted to dem 
onstrate the fidelity of the mutant enzyme, RGVG, E593G, 
V685A and the stability of the 2'-O-methyl modified RNA to 
nucleases. 

0078 FIG. 3A shows the RNaseT1 cleavage pattern of 
2'-O-methyl modified RNA synthesized using the mutant 
enzyme RGVG, E593G, V685A. Lane 1 is an RNAladder. 
Lanes 2 and 3 show the cleavage patterns of normal RNA 
(transcript-80) Synthesized using the wild-type enzyme in 
the absence and in the presence of RNaseT1 (0.1 Unit, 
Ambion Inc., Austin, Tex.) respectively. Lanes 4 and 5 show 
the cleavage of 2'-OMe pyrimidine modified RNA prepared 
using the mutant RGVG, E593G, V685A under the same 
conditions. 

007.9 FIG. 3B shows the stability of 2'-OMethoxy modi 
fied RNA synthesized using the mutant enzyme RGVG, 
E593G, V685A to RNaseA. Lanes 1 and 2 show the stability 
of normal RNA (transcript-80) in the absence and in the 
presence of RNaseA (Ambion Inc., Austin, Tex.), respec 
tively. Lanes 3 and 4 show the stability of RNA modified 
with 2'-OMe-C and U, and Lanes 5 and 6 show the stability 
of RNA modified with 2'-OMe-A, C, and U. The digestions 
were performed by treating the RNA with 0.001U of the 
enzyme for 30 min at room temperature. Transcripts were 
labeled internally by the inclusion of alpha 'P GTP. FIG. 
3C shows the cleavage pattern of 2'-OMethoxypyrimidine 
modified RNA at high concentrations of RNaseA. Lanes 1 
and 4 is an RNA ladder. Lanes 2 and 3 show the cleavage 
patterns of 2'-OMe pyrimidine modified RNA (transcript 
80) synthesized using the mutant RGVG, E593G, V685A 
in the absence and in the presence of high concentrations of 
RNaseA(1U of RNase Aper 0.6 tug RNA) respectively. The 
RNA was labeled at the 5' end using gamma P-ATP and 
polynucleotide kinase. The approximate positions where the 
cleavage occurred are underlined in the transcript-80 
Sequence and indicated on the gel, relative to the RNA 
ladder. 

0080. It will be understood that particular embodiments 
described herein are shown by way of illustration and not as 
limitations of the invention. The principal features of this 
invention can be employed in various embodiments without 
departing from the Scope of the invention. Those skilled in 
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the art will recognize, or be able to ascertain using no more 
than routine experimentation, numerous equivalents to the 
Specific procedures described herein. Such equivalents are 
considered to be within the Scope of this invention and are 
covered by the claims. 
0081 All publications and patent applications mentioned 
in the specification are indicative of the level of skill of those 
skilled in the art to which this invention pertains. All 
publications and patent applications are herein incorporated 
by reference to the same extent as if each individual publi 
cation or patent application was specifically and individually 
indicated to be incorporated by reference. 
0082 All of the compositions and/or methods disclosed 
and claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 
apparent to those of Skill in the art that variations may be 
applied to the compositions and/or methods and in the Steps 
or in the Sequence of Steps of the method described herein 
without departing from the concept, Spirit and Scope of the 
invention. More specifically, it will be apparent that certain 
agents which are both chemically and physiologically 
related may be Substituted for the agents described herein 
while the same or similar results would be achieved. All 
Such similar Substitutes and modifications apparent to those 
skilled in the art are deemed to be within the Spirit, Scope and 
concept of the invention as defined by the appended claims. 
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What is claimed is: 
1. A method of Selecting functional genetic elements 

comprising the Step of: 
Selecting in Vivo an autogene operon comprising one or 

more mutagenized functional genetic elements and one 
or more Selectable elements, wherein propagation of 
the autogene depends on expression of the one or more 
mutagenized functional genetic elements and one or 
more Selectable elements. 

2. The method of claim 1, further comprising the Step of 
in vitro amplification of the autogene or in Vitro amplifica 
tion of the autogene followed by in vivo selection. 

3. The method of claim 1, wherein the functional genetic 
element comprises a gene, an exon, a promoter, an enhancer, 
a Suppressor, a short interfering RNA (siRNA); a micro, 
interfering RNA (miRNA); a small, temporal RNA (stRNA); 
or a short, hairpin RNA (shRNA) or combinations thereof. 

4. The method of claim 1, wherein the autogene operon 
directs the Synthesis of a detectable marker a fluorescent 
protein, GFP, a luminescent protein, luciferase, or an 
enzyme that can generate fluorescent or luminescent prod 
ucts, an alkaline phosphatase or combinations thereof and 
which is an intracellular protein, a Secreted protein, a cell 
Surface protein, or combinations thereof. 

5. The method of claim 1, wherein the selectable marker 
conferS antibiotic resistance to the cell, resistance to viral 
infection, autotrophic resistance, genetic complementation, 
enzymatic complementation, a cofactor, resistance against a 
toxin, a genetic croSS-Over point or combinations thereof. 

6. A method of making an autogene library by mutageniz 
ing the template containing the nucleic acid components, 

expressing the autogene library in Vivo, 
Selecting for cells that express the marker; 
amplifying in Vitro the nucleic acid components, and 
iterating the expression in Vivo and amplification in vitro 

of the nucleic acid components. 
7. The method of claim 6, in which one of the nucleic acid 

components is a gene for reverse transcriptase, a regulatory 
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protein, Such as a transcription factor, or a binding Site for 
the regulatory protein and combinations thereof. 

8. The method of claim 6, in which one of the nucleic acid 
components is a gene for a tRNA, and one of the nucleic acid 
components comprise a codon that binds that tRNA. 

9. The method of claim 6, in which one of the nucleic acid 
components is a gene for a tRNA Synthetase, and one of the 
nucleic acid components comprise a codon that will bind the 
tRNA charged by that tRNA synthetase. 

10. A method of Selecting enzymatic variants comprising 
the Steps of: 

making an autogene library by randomizing one or more 
residues in the active site of a polymerase enzyme 
under the control of its own promoter; and 

expressing the autogene library in Vivo. 
11. The method of claim 10, further comprising the step 

of amplifying in Vitro the gene encoding the RNA poly 
merase enzyme. 

12. The method of claim 11, wherein the expression in 
Vivo and amplification in vitro of the nucleic acid compo 
nents are iterated. 

13. The method of claim 10, wherein the polymerase 
comprises a DNA polymerase, an RNA polymerase, a 
Reverse Transcriptase, a thermostable DNA polymerase, a 
thermostable RNA polymerase, a thermostable Reverse 
Transcriptase or mutants thereof. 

14. The method of claim 10, further comprising a marker 
that can be screened for placed under the control of the RNA 
polymerase promoter and cells containing RNA polymerase 
variants are isolated by Screening or Selection. 

15. The method of claim 10, where the autogene library 
is made by overlap PCR of double stranded DNA fragments 
containing randomized regions in the polymerase gene, 
which are initially made by PCR using primers containing 
randomized codons. 

16. The method of claim 10, wherein the marker confers 
antibiotic resistance, are auxotrophic, a fluorescent protein, 
GFP, a luminescent protein, a luciferase, an enzyme that can 
generate fluorescent or luminescent products, an alkaline 
phosphatase or combinations thereof. 

17. The method of claim 10, wherein the polymerase 
incorporates one or more non-traditional nucleotides, one or 
more unnatural nucleotides, one or more ribonucleotides 
modified at the 2' position and combinations thereof. 

18. The method of claim 10, wherein the polymerase is an 
RNA polymerase that comprises a T7 polymerase with one 
or more of the following mutations: Tyró39Val, His784Gly, 
Glu593Gly, Val685 Ala and combinations thereof. 

19. The method of claim 10, wherein the RNA polymerase 
is Screened for one or more of the following: initiation with 
non-canonical nucleotides, use of different promoter 
Sequences, improved activity, thermostability, or combina 
tions thereof. 

20. The method of claim 10, further comprising placing a 
Selectable marker under the control of the promoter Selected 
from a CAT, a B-lactamase, an aminoglycoside kinase, or 
other antibiotic resistance marker. 

21. A vector comprising a polymerase promoter, a mutant 
polymerase under the control of the polymerase promoter 
and a Selectable marker under the control of the polymerase 
promoter. 
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22. The vector of claim 21, wherein the vector comprises 
regulatory elements that modulate the expression of the 
polymerase. 

23. The vector of claim 21, wherein the vector comprises 
regulatory elements that modulate the expression of the 
polymerase comprises the lac operator. 

24. The vector of claim 21, wherein a gene in the vector 
comprises an epitope tag that facilitates the purification of 
the polymerase. 

25. The vector of claim 21, wherein a gene product 
expressed from the gene in the vector comprises an epitope 
tag Selected from a His-tag, a myc-tag, a FLAG-tag, a GST, 
an MBP, or combinations thereof. 

26. The vector of claim 21, wherein the vector comprises 
a viral and a bacterial origin of replication. 

27. The vector of claim 21, further comprising the step of 
Sequencing the polymerase gene at or about the active site. 

28. The vector of claim 30, wherein the polymerase 
comprises a DNA polymerase, an RNA polymerase, a 
Reverse Transcriptase, a thermostable DNA polymerase, a 
thermostable RNA polymerase, a thermostable Reverse 
Transcriptase or mutants thereof. 

29. A host cell comprising a vector comprising a poly 
merase promoter, a mutant polymerase under the control of 
the polymerase promoter and a Selectable marker under the 
control of the polymerase promoter. 

30. A method of Selecting nucleic acid polymerases that 
incorporate non-traditional nucleotides comprising the Steps 
of: 

introducing into one or more cells that are deficient in 
nucleotide Synthesis a vector comprising a RNA poly 
merase promoter, a mutant RNA polymerase under the 
control of the polymerase promoter and a Selectable 
marker under the control of the RNA polymerase 
promoter; and Selecting for one or more cells that 
Survive Selection. 

31. The method of claim 30, wherein the cell is a 
eukaryotic cell. 

32. The method of claim 30, wherein the cell is a bacterial 
cell. 

33. The method of claim 30, wherein the vector comprises 
a phagemid. 

34. A method of making RNA polymerases that incorpo 
rate non-traditional nucleotides comprising the Steps of: 

Selecting for one or more cells having a vector comprising 
a RNA polymerase promoter, a mutant RNA poly 
merase under the control of the polymerase promoter 
and an antibiotic resistance element under the control 
of the RNA polymerase promoter. 

35. A method of Selecting functional genetic elements 
comprising the Step of: 

Selecting in Vivo an autogene operon comprising one or 
more mutagenized functional genetic elements and one 
or more Screenable elements, wherein propagation of 
the autogene depends on expression of the one or more 
mutagenized functional genetic elements and one or 
more Screenable elements. 

36. The method of claim 35, further comprising the step 
of in Vitro amplification of the autogene. 

37. The method of claim 35, further comprising the step 
of in vitro amplification of the autogene followed by in vivo 
Selection. 
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38. The method of claim 35, wherein the functional 
genetic element comprises a gene, an eXon, a promoter, an 
enhancer, a Suppressor, a short interfering RNA (siRNA); a 
micro, interfering RNA (miRNA); a small, temporal RNA 
(stRNA); or a short, hairpin RNA (shRNA) or combinations 
thereof. 

39. The method of claim 35, wherein the autogene operon 
directs the Synthesis of a detectable marker Selected from a 
fluorescent protein, GFP, a luminescent protein, luciferase, 
or an enzyme that can generate fluorescent or luminescent 
products, an alkaline phosphatase or combinations thereof 
and the marker comprises an intracellular protein, a Secreted 
protein, a cell Surface protein, or combinations thereof. 

40. The method of claim 35, wherein the selectable 
marker conferS antibiotic resistance to the cell, resistance to 
Viral infection, autotrophic resistance, genetic complemen 
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tation, enzymatic complementation, a cofactor, resistance 
against a toxin, a genetic croSS-Over point or combinations 
thereof. 

41. A method of Selecting and Screening of polymerases 
comprising the Steps of: 

Selecting for one or more cells having a vector comprising 
a polymerase promoter, a mutant polymerase under the 
control of the polymerase promoter and an antibiotic 
resistance element under the control of the polymerase 
promoter. 

42. A kit comprising a container comprising a vector 
comprising a polymerase promoter, a mutant polymerase 
under the control of the polymerase promoter and a Select 
able marker under the control of the polymerase promoter 

k k k k k 


